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CATALYST 

5 Technical Field 

The present invention relates to a catalyst. More particularly, the 
present invention relates to a catalyst comprising a transition metal carried as 
catalyst particles. 

10 Background Art 

Catalysts are used in various fields, in promoting reactions, such as 
reactions for the synthesis of compounds and reactions of fuel cells, and also 
in cleaning automobile emissions. In many catalysts which have hitherto 
been used, porous materials, such as oxides of alumina, silica and the like 

15 and carbon, are used as a carrier, and precious metals, such as platinum, 
palladium and rhodium, are supported by the carrier. In recent years, 
multicomponent catalysts in which multiple precious metals are supported to 
improve activity have been growing popular. Also with respect to carriers, in 
catalysts for treating automobile emissions, recent years have seen the use 

20 of carriers to which there are added ceria having oxygen adsorbing and 
releasing abilities and a ceria-zirconia solid solution in which the oxygen 
absorbing and releasing abilities and heat resistance of ceria are improved in 
order to mitigate atmospheric variations of emissions. 

These catalysts are usually manufactured by impregnating a porous 

25 oxide carrier with a metal salt solution, such as dinitrodiamine platinum, 
platinum chloride acid and rhodium nitrate, and performing calcination in a 
reducing atmosphere. Also, multicomponent catalysts arje manufactured by 
preparing multiple metal salt solutions to be supported, mixing a carrier with 



r 

the multiple metal salt solutions and causing multiple kinds of metal ions to 
be adsorbed on the carrier, and performing drying and calcination thereafter. 
In catalysts manufactured by these methods, during the impregnation with a 
metal salt solution, metal single particles in an atomic state are adsorbed on 
5 the carrier, and the single particles in an atomic state migrate and aggregate 
into catalyst particles due to heat treatment which is performed after that. 
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In recent years, the environment in which catalysts are used have 
been increasingly severe. For example, in catalysts for cleaning emissions, 
owing to the enhancement of emission control against the background of the 
global environment protection, examinations are being made as to installing a 

1 5 catalyst immediately under a manifold closer to an engine than before. In 
this case, the emission temperature becomes as high as not lower than 
800°C during high-speed travels of vehicles. 

Therefore, although a catalyst capable of maintaining high activity for a 
long period even in a high-temperature atmosphere is sought after, there 

20 have hitherto been no catalysts that sufficiently meet this requirement. That 
is, in conventional catalysts, catalyst particles are released from the 
constraint done by a carrier in a high-temperature atmosphere and can 
migrate, and the catalyst particles which have migrated come into contact 
with other catalyst particles and aggregate with them, and become 

25 coarsened, with the result that the activity of the whole catalyst decreases. 
In particular, alumina, silica and the like which have hitherto been used as 
porous carriers have a low constraining force working on catalytic metals, 
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and tend to allow catalytic metals to migrate due to the heat during the use of 
a catalyst, with the result that it is difficult to maintain activity. 

In the field of catalysts, an improvement of activity is constantly 
required. Although in this respect there are many conventional catalysts 
5 having high activity, requests for the development of catalysts of high activity 
which exceed the conventional catalysts are high. 

The present invention has been made against the above-described 
background and has an object to provide a catalyst which has high activity 
and can maintain its activity for a long period even in a high-temperature 
10 environment. 

Disclosure of the Invention 

In order to solve the above-described problem, the present inventors 
made investigations for the following two points. 

1 5 The first means is an improvement of the supporting condition of 

catalyst particles. In the above-described conventional catalysts, a metal in 
an atomic state is used as a precursor of catalyst particles and the metal in 
an atomic state is heated on a carrier and caused to aggregate into catalyst 
particles. However, the present inventors thought that when catalytic metal 

20 particles are supported, it is preferable that cluster-like metal particles which 
gather in a desirable number of atoms be supported. This is because in 
conventional catalysts, even when catalyst particles are caused to aggregate 
by the heating after being supported, it is difficult to cause the catalyst 
particles to aggregate to a desirable number of atoms, and there is a limit to 

25 an improvement of activity. 

The second means is the selection of a desirable carrier. Oxides 
such as alumina which are generally used in conventional catalysts have a 
weak interaction with transition metals which are used as catalytic metals, 
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and tend to cause catalytic metals to migrate relatively easily also after they 
support the catalytic metals. Therefore, the present inventors have thought 
that by using a porous oxide which has a large constraining force working on 
transition metals, it is possible to suppress the migration of catalytic metals 
5 even at high temperatures and hence it is possible to suppress the 
coarsening of catalyst particles and the deactivation of catalysts. 

The present inventors have made examinations for the 
above-described two points. And during the process of the examinations 
they found out that when a carrier containing a rare earth oxide is used and 

10 cluster-like catalytic metal particles are supported by the carrier, the condition 
of the catalyst particles shows a state different from that of catalyst particles 
of conventional catalysts and the catalyst particles exhibit very high activity, 
and they have reached the present invention. 

The catalyst of the present invention is a catalyst comprising particles 

15 of one or more catalytic metals supported on a porous carrier made of one or 
more metal oxides, wherein the porous carrier is made of an oxide containing 
a rare earth oxide, and that the catalytic metal particles are made of one or 
more transition metals or transition metal oxides having 10 to 50000 atoms. 
The features of the present invention reside in that cluster-like catalytic 

20 metal particles having 10 to 50000 atoms are supported, and that a porous 
carrier containing an oxide of a rare earth metal is applied. The catalyst of 
the present invention exhibits a peculiar behavior in each stage of a state 
which occurs immediately after cluster-like metal particles are supported, a 
stage in which heat treatment is performed thereafter, a stage in which the 

25 catalyst is used in a high-temperature environment, and a stage in which the 
catalyst is exposed to a reducing environment, and the catalyst exhibits 
desirable catalytic characteristics in each of these stages. The morphology 
of a catalyst of the present invention will be described in detail below. 



Figs. 1(a) to 1(d) are diagrams which show a change in the 
morphology of a catalyst of the present invention which occurs according to 
variations in the atmosphere immediately after cluster-like catalytic metal 
particles are supported. Fig. 1(a) is a diagram which shows the state which 
5 occurs immediately after cluster-like catalytic metal particles are supported 
on a porous carrier. In the catalyst in this state, the catalytic metal particles 
are present on the carrier as aggregated particles having a roughly spherical 
shape. This catalyst has high catalytic activity because catalyst particles 
are formed as cluster-like aggregated particles although the interaction 

10 between the catalyst particles and the carrier is not very strong. In this state, 
the catalyst particles are in three dimensions and can be recognized by 
observation means such as TEM. 

When this catalyst is in an oxidizing atmosphere, it comes to a state as 
shown in Fig. 1(b). Examples of an environment in which the catalyst takes 

15 this morphology include a case where after catalyst particles are supported 
by a carrier, the catalyst is subjected to calcining treatment in the air at 
temperatures of 400 to 500°C or so, a case where the catalyst is used at 
these temperatures, and a case where the catalyst is heated in a 
high-temperature environment at not lower than 800°C for a short time. 

20 When the catalyst is in this state, the catalyst particles develop into planar 
aggregates. Although the catalyst particles form a single layer of multiple 
layers having 1 to 5 atoms or so, the catalyst has high catalytic activity 
because the catalyst particles are still in cluster shape. In a catalyst in 
which catalyst particles in this state are supported on a carrier, the catalyst 

25 particles are fixed by a strong interaction with the carrier. Therefore, the 

catalyst particles do not easily migrate and the catalyst has the best durability 
and can maintain its high activity. Furthermore, because the catalyst 
particles in this state are formed in an oxidizing atmosphere, a complex oxide 
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of a rare earth element and a transition metal element may sometimes be 
formed. 

When the catalyst in the state of Fig. 1(b) is heated at high 
temperatures for a long time, for example, in a case where the catalyst is 
5 heated at high temperatures of not lower than 800°C for a long time, the ratio 
of complex oxides of a rare earth element and a transition metal element 
increases although the morphology of the catalyst particles does not change 
(Fig. 1(c)). In the catalyst of this state, the activity decreases a little with a 
change of the catalyst particles to a complex oxide. However, even when a 

10 decrease in activity is observed, the activity is still higher than that of 

conventional catalysts and owing to a strong interaction with the carrier, the 
state that the catalyst particles do not easily migrate is maintained, and the 
catalyst is excellent in maintaining activity and desirable as the functions of 
catalysts. The catalyst particles of a catalyst in the state of (b) and (c) 

15 above have a thickness of 1 to 5 atoms or so and, therefore, it is impossible 
to observe the catalyst particles even if a TEM of a high resolving power is 
used. However, it is possible to detect the presence of the catalyst particles 
by an element analysis (a qualitative analysis) of the catalyst surface. 

And when the catalyst in the state of (b) or (c) above is exposed to a 

20 reducing atmosphere, the catalyst particles on the carrier change their 

morphology and change into a roughly spherical shape having a diameter of 
1 to 10 nm (Fig. 1 (d)). Although the reason why catalyst particles which 
once became planar change their morphology like this in a reducing 
atmosphere is unknown, it is thought that this is because both the carrier and 

25 the precious metal are reduced, with the result that the affinity between the 
two weakens. The catalyst in this state has a morphology similar to that of 
the state of Fig. 1(a), but the interaction between the catalyst particles and 
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the carrier is strong and the catalytic activity is kept in a high condition. 
Thus the catalyst in this state differs in characteristics. 

A change in the morphology of catalyst particles observed in the 
catalyst of the present invention has been described above. This change is 
5 a phenomenon which is observed only in a case where a porous oxide 
containing a rare earth oxide is used as the carrier and a cluster-like 
transition metal is directly supported. In this respect, because in a 
conventional catalyst in which an atomic metal is supported, catalytic metal 
particles are supported in an isolated manner (Fig. 2(a)), the catalytic metal 

10 particles do not develop in a planer manner as in Fig. 1(a), nor in a cluster 
shape, although in an oxidizing atmosphere the oxidized condition of the 
catalytic metal particles is similar to that of the present invention. Therefore, 
the activity of the catalyst decreases. 

The transition metals which compose catalyst particles function as the 

15 catalyst particles, and desirable transition metals are platinum, palladium, 
rhodium, iridium, gold, silver, ruthenium and osmium. Although only one 
kind of these transition metals may be contained in catalyst particles, two or 
more metals may be contained. 

Although a carrier used in the present invention is made of a porous 

20 metal oxide containing ceria and may be formed only from ceria alone, it may 
be in a condition mixed with other metal oxides such as alumina and silica. 
Particularly, mixtures of rare earth metal oxides, such as a ceria-zirconia 
mixture oxide, in which zirconia is mixed with ceria, and a ceria-zirconia-yttria 
mixture oxide, in which zirconia and yttria are mixed with ceria, are desirable 

25 carriers from the standpoint of an improvement of the heat resistance of the 
carrier. It is desirable that the rare earth oxide content of this porous carrier 
be 15 to 100 wt%. 
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According to the present inventors, the characteristics of a catalyst of 
the present invention depend greatly on the specific surface area of an oxide 
which becomes the carrier. In the present invention, it is preferred that the 
oxide carrier have a specific surface area of 10 to 250 m 2 /g for 1 wt% of an 
5 amount of a catalytic metal supported relative to the whole catalyst. The 
reason why catalyst particles on the carrier takes a peculiar morphology as 
described above is that an interaction works between a rare earth metal 
present on the carrier surface and a precious metal supported on the carrier 
surface. Therefore, when the surface area of the carrier is small, it is 

1 0 impossible to exert the interaction on all catalytic metal particles. For 

example, when 1 wt% of platinum is supported on a carrier having a surface 
area of 5 m 2 /g, a portion of platinum corresponding to 0.5 wt% forms catalyst 
particles of the construction shown in Fig. 1(b) and of the construction shown 
in Fig. 1(c), but an interaction with cerium does not occur for the rest of the 

15 platinum, with the result that during the use of the catalyst, the catalyst 

particles become aggregates without going through the construction of Fig. 
1(b) and the construction of Fig. 1(c). This is the reason why the lower limit 
is set for the specific surface area. For the upper limit, that the preparation 
of a carrier having such a large surface area is difficult is the reason for 

20 setting. It is preferred that the amount of a catalytic metal supported is 0.5 
to 5 wt% relative to the whole catalyst. 

Next, a method of manufacturing a catalyst of the present invention will 
be described. In the present invention, it is necessary that at the stage 
when catalyst particles are supported on a carrier, the catalyst particles form 

25 cluster-like aggregates having 10 to 50000 atoms. In handling such 
cluster-like metal particles, conventionally the use of a metal colloid is 
conceivable. Also a catalyst of the present invention can be manufactured 
by using this metal colloid. As a method of causing cluster-like metal 



particles to be supported on a carrier in a simplified manner, it is also 
desirable to adopt a method which involves dispersing a metal salt of a 
transition metal to be supported, an organic substance, and a porous carrier 
in a solvent such as water, causing a hybrid complex consisting of transition 
5 metal ions and an organic substance on the carrier, and subjecting the 
porous carrier to reducing treatment. 

In this method, the organic substance for constituting a hybrid complex 
is an organic compound capable of physical adsorption or chemical bonding 
with respect to transition metal ions, and it is possible to use polyacrylic acid, 

10 polymethacrylic acid, polyethylene imine, polyallylamine, polyvinyl 

pyrrolidone, polyvinyl alcohol, poly(N-carboxymethyl) ethylene imine, and 
poly(N,N-dicarboxymethyl) allylamine or copolymers containing at least one 
of them, polyamino acids and polysaccharides. 

As the metal salt of a transition metal, it is possible to use salts of 

15 hexachloro acid, dinitrodiamine salts, dinitrodiamine nitrates, chlorides, 

nitrates, acetates, and lactates. In causing catalyst particles composed of 
two kinds or more of transition metals to be supported, this is made possible 
by dispersing targeted multiple kinds of metal salts in a solvent. 

In the reducing treatment after the adsorption of a hybrid complex, it is 

20 preferred that a reducing agent be added to a solution in which the carrier 
has been mixed. As the reducing agent, it is possible to use hydrogen, 
formic acid, ethanol, methanol, propanol, butanol, formaldehyde, sodium 
borohydride, hydrazine, dimethylamine borane, and trimethylamine borane. 
As described above, the catalyst of the present invention is a catalyst 

25 in which a porous carrier made of a ceria-containing organic oxide is used 

and the particle size (number of atoms) of catalyst particles is adjusted during 
the formation of the porous carrier. The catalyst of the present invention 
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exhibits high reaction activity and has high durability because the coarsening 
of catalyst particles caused by use for a long time is suppressed. 

The catalyst of the present invention changes its morphology by being 
subjected to a reducing atmosphere after its use (in an oxidizing atmosphere) 
5 and at the same time, the catalytic function is reproduced. Therefore, as a 
method of using the catalyst of the present invention, it is possible to 
reproduce the catalytic function by performing reducing treatment, which 
involves heat treating a catalyst after use in a reducing atmosphere, and to 
reuse the catalyst. 

10 The catalyst of the present invention is useful as a catalyst for general 

gasoline engine and besides as a catalyst for diesel engine and a catalyst for 
lean burn engine. Particularly in the case of a gasoline engine, because a 
rich atmosphere and a lean atmosphere repeat periodically in a very short 
time, the catalyst can exhibit catalytic activity which is almost the same as 

15 immediately after its manufacture for a long time while repeating 

consumption and regeneration. Also in the case of a lean burn engine, 
because rich gas is periodically fed as a spike to the catalyst, the 
regeneration effect by reduction is expected during the operation of the 
engine and the catalyst can be used for a long period while repeating 

20 consumption and regeneration. 

Brief Description of the Drawings 

Figs. 1(a) to 1(d) are diagrams to explain a morphological change in a 
catalyst of the present invention by an atmosphere; 
25 Figs. 2(a) and 2(b) are diagrams to explain a morphological change in 

a conventional catalyst by an atmosphere; 

Fig. 3 is a TEM image obtained by an observation of the surface 
condition of a catalyst of an example after drying; 
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Fig. 4 is a TEM image obtained by an observation of the surface 
condition of a catalyst when calcining treatment is performed after drying; 

Fig. 5 is a TEM image of the catalyst surface observed after a catalyst 
of Example 1 is heat treated at 800°C for 5 hours; and 
5 Fig. 6 is a TEM image of the catalyst surface observed after a catalyst 

of Comparative Example 1 is heat treated at 800°C for 5 hours. 

Best Mode for Carrying Out the Invention 

Preferred examples of the present invention will be described below 

10 along with comparative examples. 
Example 1 (Pt/CZO catalyst) 

A metal salt solution was prepared by diluting 22.01 g of a nitric acid 
solution of dinitrodiamine platinum (Pt concentration: 4.54 wt%) with distilled 
water to 100 mL in a measuring flask. On the other hand, 2.21 g of 

15 polyethylene imine (PEI) having an average molecular weight of 50000 were 
diluted with distilled water to 100 mL in a measuring flask. And 10 mL of the 
metal salt solution and 4 mL of the PEI solution were mixed and stirred, the 
mixed solution was then added dropwise to a solution in which 10 g of CZO 
were dispersed, ammonia was added dropwise until pH 10 was obtained, 

20 and a hybrid complex was caused to be adsorbed on a CZO carrier. The 
surface area of this CZO catalyst is 67 m 2 /g and the cerium concentration is 
40 mol%. 

Next, a dispersion liquid in which this carrier is dispersed was heated 
to 70°C, 30 mL of an aqueous solution of 2.5 wt% hydrazine were added 
25 dropwise for a duration of one hour, and the dispersion liquid was held at 
70°C and stirred for two hours, whereby Pt was reduced. After that, the 
dispersion liquid was filtered, a powder thus obtained was dried at 110°C 
overnight and calcined in the air at 450°C for two hours, whereby a Pt/CZO 
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catalyst was obtained. When the catalyst after drying at 1 10°C was 
observed under a TEM, the presence of Pt particles of about 3 nm was 
verified. 

Example 2 (Pt/Pd/CZO catalyst) 
5 A mixture of 17.84 g of a nitric acid solution of dinitrodiamine platinum 

(Pt concentration: 4.54 wt%) and 4.32 g of a nitric acid solution of palladium 
dinitrate (Pd concentration: 4.40 wt%) was prepared, and this mixture was 
diluted with distilled water to 100 mL in a measuring flask, whereby a metal 
salt solution was obtained. And the same PEI solution as in Example 1 was 

10 added to 10 mL of this precious metal salt solution and other operations were 
performed by the same process as in Example 1 , whereby a Pt/Pd/CZO 
catalyst was obtained. When the catalyst after drying was also observed 
under a TEM, the presence of particles of about 3 nm was verified. When 
an analysis by EDX was performed, the presence of Pt and Pd was verified 

15 within single particles. 

Example 3 (Pt/Rh/CZO catalyst) 

A mixture of 18.06 g of a nitric acid solution of dinitrodiamine platinum 
(Pt concentration: 4.54 wt%) and 1.81 g of a solution of rhodium nitrate (Rh 
concentration: 10.0 wt%) was prepared, and this mixture was diluted with 

20 distilled water to 100 mL in a measuring flask, whereby a metal salt solution 
was obtained. And the same PEI solution as in Example 1 was added to 10 
mL of this precious metal salt solution and other operations were performed 
by the same process as in Example 1 , whereby a Pt/Rh/CZO catalyst was 
obtained. When the catalyst after drying was also observed under a TEM, 

25 the presence of particles of about 3 nm was verified. When an analysis by 
EDX was performed, the presence of Pt and Rh was verified within single 
particles. 
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Example 4 (Pt/CZO catalyst (particle size: 5 nm)) 

A Pt/CZO catalyst was prepared by performing the same operations as 
in Example 1, with the exception that in place of the polyethylene imine 
having a molecular weight of 50000 in Example 1 , 2.21 g of polyethylene 
5 imine having a molecular weight of 200000 were diluted to 100 mL in a 

measuring flask. In this example, a catalyst having a larger particle size of 
catalyst particles (platinum) than in Example 1 is manufactured. 
Example 5 (Pt/CZO catalyst (particle size: 1 nm) 

A Pt/CZO catalyst was prepared by performing the same operations as 

10 in Example 1 , with the exception that in place of the polyethylene imine 
having a molecular weight of 50000 in Example 1 , 2.21 g of polyethylene 
imine having an average molecular weight of 5000 were diluted to 100 mL in 
a measuring flask. In this example, a catalyst having a smaller particle size 
of catalyst particles (platinum) than in Example 1 is manufactured. 

15 Comparative Example 1 (Pt/CZO (atomic supporting condition)) 
After dropwise addition of 2.20 g of a nitric acid solution of 
dinitrodiamine platinum (Pt concentration: 4.54 wt%) to a dispersion liquid 
obtained by dispersing 10 g of CZO in 30 ml of water, stirring was performed 
for 30 minutes, whereby dinitrodiamine platinum was caused to be adsorbed 

20 on a carrier. After that, the dispersion liquid was filtered and a powder thus 
obtained was dried overnight at 1 10°C and calcined in the air at 450°C for 
two hours, whereby a Pt/CZO catalyst was obtained. 
Comparative Example 2 (Pt/Pd/CZO (atomic supporting condition)) 

A Pt/Pd/CZO catalyst was obtained by performing the same operations 

25 as in Comparative Example 1 , with the exception that the metal salt solution 
added dropwise to the CZO dispersed liquid in Comparative Example 1 was 
replaced with 1 .78 g of a nitric acid solution of dinitrodiamine platinum (Pt 
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concentration: 4.54 wt%) and 0.43 g of a solution of palladium nitrate (Pd 
concentration: 4.4 wt%). 

Comparative Example 3 (Pt/Rh/CZO (atomic supporting condition)) 

A Pt/Rh/CZO catalyst was obtained by performing the same operations 
5 as in Comparative Example 1 , with the exception that the metal salt solution 
added dropwise to the CZO dispersed liquid in Comparative Example 1 was 
replaced with 1.81 g of a nitric acid solution of dinitrodiamine platinum (Pt 
concentration: 4.54 wt%) and 0.181 g of an aqueous solution of rhodium 
nitrate (Rh concentration: 10 wt%). 
10 Comparative Example 4 (Pt/AbOs (atomic supporting condition)) 

A Pt/Al 2 0 3 catalyst was obtained by performing the same operations 
as in Comparative Example 1 , with the exception that the carrier used in 
Comparative Example 1 was replaced with 10 g of alumina. 
Comparative Example 5 (Pt/Rh/AkOs (atomic supporting condition)) 
15 A Pt/Rh/AI 2 03 catalyst was obtained by performing the same 

operations as in Comparative Example 2, with the exception that the carrier 
used in Comparative Example 2 was replaced with 10 g of alumina. 
Comparative Example 6 (Pt/SiO? (atomic supporting condition)) 

A Pt/Si0 2 catalyst was obtained by performing the same operations as 
20 in Comparative Example 1 , with the exception that the carrier used in 
Comparative Example 1 was replaced with 10 g of silica. 
Comparative Example 7 (Pt/Rh/SiOg (atomic supporting condition)) 

A Pt/Rh/Si0 2 catalyst was obtained by performing the same operations 
as in Comparative Example 3, with the exception that the carrier used in 
25 Comparative Example 3 was replaced with 10 g of silica. 
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Comparative Example 8 (Pt/SiO? - AbO* (atomic supporting condition)) 

A Pt/Si02 - AI2O3 catalyst was obtained by performing the same 
operations as in Comparative Example 1 , with the exception that the carrier 
used in Comparative Example 1 was replaced with 10 g of silica-alumina. 
5 Comparative Example 9 (Pt/Rh/SiO? - AbOa (atomic supporting condition)) 

A Pt/Rh/Si0 2 - AI2O3 catalyst was obtained by performing the same 
operations as in Comparative Example 3, with the exception that the carrier 
used in Comparative Example 3 was replaced with 10 g of silica-alumina. 
Comparative Example 10 (Pt/ZrO? (atomic supporting condition)) 
10 A Pt/Zr0 2 catalyst was obtained by performing the same operations as 

in Comparative Example 1 , with the exception that the carrier used in 
Comparative Example 1 was replaced with 10 g of zirconia. 
Comparative Example 1 1 (Pt/Rh/ZrO? (atomic supporting condition)) 

A Pt/Rh/Zr0 2 catalyst was obtained by performing the same operations 
15 as in Comparative Example 3, with the exception that the carrier used in 
Comparative Example 3 was replaced with 10 g of zirconia. 
Comparative Example 12 (Pt/TiCb (atomic supporting condition)) 

A Pt/Ti02 catalyst was obtained by performing the same operations as 
in Comparative Example 1 , with the exception that the carrier used in 
20 Comparative Example 1 was replaced with 10 g of titania. 

Comparative Example 13 (Pt/Rh/TiCMatomic supporting condition)) 

A Pt/Rh/Ti0 2 catalyst was obtained by performing the same operations 
as in Comparative Example 3, with the exception that the carrier used in 
Comparative Example 3 was replaced with 10 g of titania. 
25 Out of the catalysts produced above, the catalyst of Example 1 was 

observed under a TEM. In this observation, the morphology of the catalyst 
surface was observed in two stages, i.e., after reducing treatment and drying 
and after the calcining treatment performed thereafter. The results of the 
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observation are shown in Figs. 3 and 4. Fig. 3 is a TEM image of the carrier 
surface immediately after drying, and it is apparent that granular platinum 
particles (black) are scattered on the carrier surface. The particle size of the 
platinum particles was 3 nm. On the other hand, Fig. 4 is a TEM image of 
5 the catalyst surface after calcination at 450°C for 2 hours. In Fig. 4, granular 
platinum particles cannot be observed on the catalyst surface after 
calcinations. However, when this catalyst was qualitatively analyzed 
through EDX at points 1 to 8 in Fig. 4, results shown in Table 1 were 
obtained. 
10 Table 1] 



Point 


Pt 


Ce 


Zr 


1 


0.16 


45.77 


54.07 


2 


1.20 


46.98 


51.82 


3 


1.16 


44.16 


54.70 


4 


15.15 


46.09 


38.76 


5 


0.75 


41.71 


57.54 


6 


5.56 


39.88 


51.55 


7 


0.09 


40.80 


59.12 


8 


2.05 


48.88 


49.07 



Beam diameter: 0.5 to 1 nm 



As is apparent from this table, the presence of platinum is detected 
everywhere even if outwardly the presence of platinum cannot be recognized 

15 from Fig. 4. From these results, it can be ascertained that in a catalyst of 
the present invention, catalyst particles take a granular morphology as shown 
in Fig. 1(a) immediately after the catalyst particles are supported on the 
carrier (immediately after reducing treatment) and the granular platinum 
particles change to a planar morphology as shown in Fig. 1(b) when 

20 calcination is later performed. This trend is observed also in other examples. 
In Example 4, although platinum particles with a particle size of 5 nm was 
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observed after drying, this was not reflected in a TEM image obtained after 
calcination. 

Next, the CO adsorption amount was measured in each catalyst. In 
this measurement of the CO adsorption amount, because CO of one 
5 molecule is adsorbed on one atom of platinum, on the surface of which CO is 
exposed, it is possible to calculate, from the count number, the proportion of 
the platinum particles exposed to the surface in the platinum particles which 
are supported. This proportion is called the degree of dispersion. "Degree 
of dispersion 1" shows that all platinum is present on the surface, and the 
10 lower this numerical value, the more platinum particles will aggregate and be 
present in cluster shape. In this test, after the catalyst was hydrogen 
reduced at 200°C as a pretreatment, measurements were made by the CO 
pulse method by use of a TCD detector. The results are shown in Table 2. 
Table 2] 





Production conditions 


Degree of dispersion 




Carrier 


Metal particles 


Example 1 




Pt 

Complex 


0.41 


Example 2 




Pt/Pd 
Complex 


0.45 


Example 3 


CZO 


Pt/Rh 
Complex 


0.42 


Example 4 




Pt 

Complex 


0.27 


Example 5 




Pt 

Complex 


0.63 


Comparative Example 1 




Pt 
Atomic 


1.18 


Comparative Example 2 


CZO 


Pt/Pd 
Atomic 


1.09 


Comparative Example 3 




Pt/Rh 
Atomic 


1.12 


Comparative Example 4 


Al 2 0 3 


Pt 
Atomic 


0.82 


Comparative Example 5 


Pt/Rh 
Atomic 


0.83 
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In Table 2, the degree of dispersion is close to 1 in the catalysts of 
Comparative Examples 1 to 5 and it was ascertained from this fact that 
almost all the precious metals which are supported disperse in an atomic 
5 state. In contrast to this, the degree of dispersion is 0.27 to 0.63 in the 
catalysts of Examples 1 to 5 and it was ascertained that the precious metals 
are supported in an aggregated manner. In catalysts having different 
particle sizes as in Examples 1 , 4 and 5, the degree of dispersion decreases 
with increasing particle size. In the catalysts of the examples, the particle 

1 0 size of the catalyst particles estimated from the values of degree of 

dispersion is 2 to 3 nm or so in Examples 1 to 3, 4 to 5 nm or so in Example 
4, and 1 to 1.5 nm in Example 5. 

Next, each of the produced catalysts was subjected to heat treatment 
under the following conditions, an X-ray diffraction analysis was performed 

15 for catalysts obtained immediately after the production (those subjected to 
calcining treatment at 450°C for 2 hours) and those obtained after the heat 
treatment, and crystallite diameters were calculated by the Scholler method. 
The results are shown in Table 2. 
Heat treatment conditions 

20 • 800°C x 5 hours 
• 1000°C x 5 hours 

Heating in the air at the temperatures and time given above 
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[Table 3] 





Production conditions 


Crystalline diameter (nm) 


Carrier 


Metal 
particles 


Imm^riiatf&lv 

II 1 II 1 ICUICI lv ■ y 

after 
production 


800°C x 
5hr 


1000°C x 
5 hr 




czo 


Pt 

Complex 


- 


- 


- 


LAal I I |JIC 


Pt/Pd 
Complex 


- 


- 


- 


uAdi i ipic %J 


Pt/Rh 
Complex 


- 


- 


- 


uAdi 1 1 pic *+ 


Pt 

Complex 


- 


- 


- 


pYamnlp R 

l_ACtllipiC w/ 


Pt 

Complex 


- 


- 


- 


Comparative 
Example 1 


czo 


Pt 
Atomic 


- 


- 


- 


Comparative 
Example 2 


Pt/Pd 
Atomic 


- 


- 


- 


Comparative 
Example 3 


Pt/Rh 
Atomic 


- 


- 


- 


Comparative 
Example 4 


AI 2 o 3 


Pt 
Atomic 


- 


21 


28 


Comparative 
Example 5 


Pt/Rh 
Atomic 


- 


17 


26 


Comparative 
Example 6 


Si0 2 


Pt 
Atomic 


- 


29 


33 


Comparative 
Example 7 


Pt/Rh 
Atomic 


- 


25 


30 


Comparative 
Example 8 


Si0 2 - 
AI2O3 


Pt 

Atomic 


- 


22 


27 


Comparative 
Example 9 


Pt/Rh 
Atomic 


- 


18 


25 


Comparative 
Example 10 


Zr0 2 


Pt 
Atomic 




29 


35 


Comparative 
Example 1 1 


Pt/Rh 
Atomic 




27 


33 


Comparative 
Example 12 


TiQ 2 


Pt 
Atomic 




18 


27 


Comparative 
Example 13 


Pt/Rh 
Atomic 




16 


25 



-: Peaks coming from Pt are not observed or crystalline diameter cannot be 



calculated due to too small diameters. 



- 19- 



It was suggested from Table 3 that in Comparative Examples 4 to 13, 
due to heat treatment at 800°C or higher, the crystalline diameter of catalyst 
particles increases greatly with increasing calcining temperature and that the 
5 catalyst particles coarsen. On the other hand, in Pt/CZO of Example 1 , 
peaks coming from Pt and PtO were scarcely observed. In Comparative 
Examples 1 to 3, the growth of catalyst particles due to heat treatment was 
not observed; it is thought that this is because the migration of platinum 
particles does not easily occur because of a strong interaction between CZO 
10 and platinum even the platinum particles are subjected to heat treatment and 
hence the atomic supporting condition is maintained. 

After the above-described preliminary study, a reaction activity test of 
each catalyst was conducted by changing the conditions in various manners, 
and the characteristics of the catalysts were evaluated. 
15 Reaction activity test 1 

A propylene decomposition reaction test was performed on each 
catalyst and 50% conversion temperatures were found. The reaction test 
was conducted by use of a fixed bed flow reactor under the following 
conditions. The results are shown in Table 4. 
20 Reaction test conditions 

• Propylene concentration: 640 ppm 

• Oxygen concentration: 2.56% (nitrogen balance) 

• Amount of catalyst (W/F): 0.5 g-catmin/L 

• Test temperature: Immediately after production, 800°C x 5 hours, 1000°C x 
25 5 hours 
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[Table 4] 





Production conditions 


50% conversion temperature 


Carrier 


Metal 
particles 


ImmoHiatpIv/ 

after 
production 


800°C x 
5hr 


1000°C x 
5hr 


txampie i 


CZO 


Pt 

Complex 


148 


212 


218 


txampie z 


Pt/Pd 
Complex 


134 


173 


169 


example o 


Pt/Rh 
Complex 


141 


182 


184 


Comparative 
Example 1 


CZO 


Pt 
Atomic 


254 


328 


302 


Comparative 
Example 2 


Pt/Pd 
Atomic 


256 


302 


289 


Comparative 
Example 3 


Pt/Rh 
Atomic 


248 


318 


298 


Comparative 
Example 4 


Al 2 0 3 


Pt 
Atomic 


192 


254 


263 


Comparative 
Example 5 


Pt/Rh 
Atomic 


178 


238 


248 



From table 4, it is apparent that the catalysts of Examples 1 to 3 in 
which catalyst particles are supported in cluster shape on CZO have low 
5 conversion temperatures immediately after the production and are excellent 
in catalytic activity. In the case of high-temperature heating, in the catalysts 
of Comparative Examples 4 and 5, the activity decreases with increasing 
heat treatment temperature. This is because the coarsening of catalyst 
particles occurred due to the heat treatment. Although a decrease in activity 

10 is observed in the catalysts of Examples 1 to 3, the decrease in activity due 
to a rise in temperature is small and these catalysts maintain their activity. 
The catalysts of Comparative Examples 1 to 3 in which a CZO atomic carrier 
is used have lower activity than catalysts using an alumina carrier. It is 
thought that this is because in the case of the alumina carrier, catalyst 

15 particles in an atomic state aggregate into catalyst particles due to the 
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calcination during catalyst production, whereas in the case of the CZO carrier, 
the migration of catalyst particles in an atomic state does not occur and the 
carrier remains to be in an atomic state, resulting in a decrease in activity. It 
can also be ascertained that even with catalysts of the same morphology, 
5 binary composite clusters of platinum/palladium and platinum/rhodium have 
better activity. In the case of the atomic supporting condition, the catalyst 
activity of platinum/palladium (Comparative Example 2) and 
platinum/rhodium (Comparative Example 3) is almost the same as that of 
platinum alone (Comparative Example 1). This is because the migration of 

1 0 particles does not occur even by heat treatment and hence alloy species 

having high activity are not formed. In this test, the catalysts of Examples 1 
to 3 after the heating test at 800°C are supposed to correspond to the 
morphology of Fig. 1(c). 

Fig. 5 is a TEM image of the catalyst surface observed after the 

15 catalyst of Example 1 is heat treated at 800°C for 5 hours. As is apparent 
from Fig. 5, when the catalyst of Example 1 is heat treated at 800°C, the 
presence of catalyst particles (platinum) on the carrier surface was not 
verified with the TEM image. Therefore, a qualitative analysis by EDX was 
performed as in the case of Fig. 4, and the following results were obtained. 

20 [Table 5] 



Point 


Pt 


Ce 


Zr 


1 


2.21 


36.85 


60.94 


2 




40.35 


59.46 


3 


4.72 


39.72 


55.56 


4 


3.26 


50.07 


46.67 


5 


0.49 


43.35 


56.16 



Beam diameter: 0.5 to 1 nm 
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As is apparent from the results, the presence of platinum was verified 
even in the catalyst after heat treatment at 800°C, and it becomes evident 
that catalyst particles which are so thin that they exceed the limit of a TEM 
observation are supported. On the other hand, Fig. 6 is a TEM image of the 
5 catalyst surface observed after the catalyst of Comparative Example 1 is heat 
treated at 800°C for 5 hours. It is apparent that in the case of this catalyst in 
which this atomic platinum is supported on alumina, catalyst particles 
aggregate due to the heating at 800°C and coarsen. 
Reaction activity test 2 

10 Next, an investigation was made as to whether catalytic activity is 

maintained when the heat treatment time is long. The heat treatment 
conditions were set as follows on the concept that the time immediately after 
production (after the calcination at 450°C for 2 hours) is regarded as an 
elapsed time of zero hours. The conditions for the reaction test are the 

15 same as described above. The results are shown in Table 6. 
Heat treatment conditions 

• 800°C x 5 hours 

• 800°C x 50 hours 

• 800°C x 200 hours 

20 Heating in the air at the temperatures and time given above 
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[Table 6] 





Production conditions 


50% conversion temperature 


Carrier 


Metal 
particles 


1 1 1 11 1 icuiaiciy 

after 
production 


800°C x 
5 hr 


800°C x 
50 hr 


800°C x 
200 hr 


cxdmpic i 


CZO 


Pt 

Complex 


148 


212 


213 


210 


CAdmpiC Z 


Pt/Pd 
Complex 


134 


173 


171 


169 




Pt/Rh 
Complex 


141 


182 


187 


187 


Comparative 
Example 1 


CZO 


R 
Atomic 


254 


328 


328 


332 


Comparative 
Example 2 


Pt/Pd 
Atomic 


256 


302 


299 


295 


Comparative 
Example 3 


Pt/Rh 
Atomic 


248 


318 


321 


328 


Comparative 
Example 4 


Al 2 0 3 


Pt 
Atomic 


192 


254 


270 


278 


Comparative 
Example 5 


Pt/Rh 
Atomic 


178 


238 


242 


245 



From Table 6, it becomes clear that in the catalysts of Comparative 
Examples 4 and 5, the activity tends to decrease with increasing treatment 
5 time and that the catalysts of Comparative Examples 1 to 3 also have low 
activity. As with the case Of the reaction activity test 2, the phenomenon 
depends on whether the migration of catalyst particles occurs and whether 
the coarsening of catalyst particles occurs. In contrast to this, the catalysts 
of Examples 1 to 3 maintain high activity even after heating for a long time of 
10 200 hours. 

Reaction activity test 3 

A reaction activity test was conducted to investigate changes in 
catalysts in a lean gas/rich gas repeating environment. In this test, a 
decomposition test for the catalyst immediately after production and the 
15 catalyst subjected to the following heat treatment was conducted on the 
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following lean gas/rich gas as gases to be treated by use of a fixed bed flow 
reactor. The results are shown in Table 7. 
Heat treatment atmosphere 

• Rich gas composition: C0 2 (10%) + CO (1.6%) + C 3 H 6 (900 ppm) + 0 2 
5 (0.505%) 

• Lean gas composition: C0 2 (10%) + CO (0.4%) + C 3 H 6 (900 ppm) + 0 2 
(1.305%) 

• Lean/rich gas cycle = 1 min/1 min 
Heat treatment time 

10 • 800°C x 5 hours 

• 1000°C x 5 hours 

• Amount of catalyst (W/F): 10 g-cat.min/L 
Reaction test conditions 

• Propylene concentration: 640 ppm 

15 • Oxygen concentration: 2.56% (nitrogen balance) 

• Amount of catalyst (W/F): 0.5 g-cat.min/L 
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[Table 7] 





Production 
conditions 


C 3 H 6 50% conversion temperature (°C) 


Carrier 


Metal 
particles 


Immediately 
after 

production 


800°C x 5 hr 


1000°C x 5 hr 


In the 
air 


Rich/ 
lean gas 


In the 
air 


men/ 
lean 
gas 


txampie i 


UZ.U 


R 

Complex 


4 AQ 


212 


152 


218 


163 


example z 


Pt/Pd 
Complex 


lo4 


173 


128 


169 


135 




Pt/Rh 
Complex 


141 


182 


143 


184 


148 


Comparative 
Example 1 


czo 


Pt 
Atomic 


254 


328 


204 


302 


231 


Comparative 
Example 2 


Pt/Pd 
Atomic 


256 


302 


181 


289 


201 


Comparative 
Example 3 


Pt/Rh 
Atomic 


248 


318 


193 


298 


211 



Table 7 shows the results of the test. As shown in Table 7, although 
all of the catalysts subjected to heat treatment during the lean/rich gas flow 
5 exhibited higher reaction activity than those heat treated in the air, the 

difference in the activity due to the heat treatment atmosphere is especially 
remarkable in the catalysts in which a CZO carrier is used. And the 
catalysts of the examples are especially excellent also in catalytic activity. It 
is thought that the high catalytic activity observed in the examples of the 

10 present invention is due to the action that the catalytic activity which has 
decreased in a lean atmosphere restores to an original state in a rich 
atmosphere and the action of a further increase in activity which occurs in a 
rich atmosphere. 

Although a similar effect is observed also in the catalyst of 

15 Comparative Example 1 , it can be said that due to the existence of Pt in an 
atomic state, the decrease in activity in a lean atmosphere is too large so that 
the same effect as in Example 1 was not be obtained. In other words, for 

-26- 



platinum which is supported in an atomic state on a porous oxide carrier 
containing cerium, even the atmosphere is changed, it is very difficult, by 
performing heating, to bring the particles into an ideal condition in which 10 to 
50000 atoms of the precious metal gather. It is apparent that it is important 
5 that precious metal particles in a condition in which 10 to 50000 atoms of the 
precious metal gather be synthesized from the beginning and that after that, 
the precious metal particles be supported on a porous oxide containing 
cerium. 

From the test results, it was ascertained that the catalysts of the 

10 examples of the present invention function effectively as catalysts for 
gasoline engine, namely, what is called ternary catalysts. That is, a 
gasoline engine has a mechanism which is such that a slightly lean 
atmosphere (air-fuel ratio: 15) and a rich atmosphere (air-fuel ratio: 13) with 
respect to the theoretical air-fuel ratio are cyclically treated at intervals of 

15 milliseconds. Therefore, it follows that a decrease in catalytic activity and a 
recovery of catalytic activity are repeated by applying the catalysts of the 
examples to a gasoline engine (the morphology of Fig. 1(b) and that of Fig. 
1(d) appear repeatedly). 
Reaction activity test 4 

20 In this test, heat treatment was performed by alternately repeating an 

oxidizing atmosphere and a reducing atmosphere. Catalytic activity 
occurring upon switching the atmospheres was evaluated and changes in 
catalytic activity were examined. The steps of this test are as follows. 
(1) A reaction test after heat treatment in the air at 800°C for 5 hours 

25 (2) Heat treatment at 800°C for 30 minutes in 1 %-H 2 /N 2 (first reduction) 

(3) A reaction test after calcination in the air at 450°C for 2 hours 

(4) Heat treatment at 800°C for 30 minutes in 1%-H 2 /N 2 (second reduction) 

(5) A reaction test after calcination in the air at 450°C for 2 hours 
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(6) A reaction test after heat treatment in the air at 800°C for 5 hours 

(7) Heat treatment at 800°C for 30 minutes in 1%-H 2 /N 2 (third reduction) 

(8) A reaction test after calcination in the air at 450°C for 2 hours 

(9) A reaction test after heat treatment in the air at 800°C for 5 hours 
5 Reaction test conditions 

• Propylene concentration: 640 ppm 

• Oxygen concentration: 2.56% (nitrogen balance) 

• Amount of catalyst (W/F): 0.5 g-cat.min/L 
[Table 8] 





Production 
conditions 


C3H6 50% conversion temperature (°C) 


Carrier 


Metal 
particles 


Before reducing 
treatment 


First 
reduction 

(2) 


Second reduction 
(4) 


Third reduction 
(5) 


Immediately 

after 
production 


800°C 
(1) 


After 
calcination 
(3) 


After 
calcination 
(5) 


800°C 
(6) 


After 
calcination 
(8) 


800°C 
(9) 


Example 1 


CZO 


Pt 

Complex 


148 


212 


153 


154 


213 


151 


210 


Example 2 


Pt/Pd 
Complex 


134 


173 


141 


139 


170 


138 


168 


Example 3 


Pt/Rh 
Complex 


141 


182 


145 


147 


181 


147 


183 


Comparative 
Example 1 


CZO 


Pt 
Atomic 


254 


328 


178 


178 


328 


186 


330 


Comparative 
Example 2 


Pt/Rh 
Atomic 


262 


302 


179 


176 


300 


175 


297 


Comparative 
Example 3 


Pt/Pd 
Atomic 


248 


318 


182 


181 


324 


188 


328 



10 



Table 8 shows the results of this test. It can be ascertained from this 
table that the catalysts of the examples recover their catalytic activity by 
performing hydrogen reducing treatment. This behavior is described in 
detail. First, the catalysts come to a reduced and regenerated condition by 
15 the first reducing treatment (the above step (2)), and exhibit higher activity 
than the activity before the reduction (the above step (1)). It is thought that 
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this is because the platinum and CZO on the catalysts undergo a change of 
state to the same state as a fresh catalyst. That is, it is thought that the 
morphological change of Fig. 1(d) occurred. 

The catalysts of the comparative examples also exhibit the same 
5 behavior as the examples and their activity increases due to the reducing 
treatment at 800°C. However, the activity observed after the catalysts are 
again subjected to heat treatment at 800°C for 5 hours in the air decreases to 
the original levels which are lower than the levels of the examples. If the 
improvement in the catalytic activity by the reducing treatment is due to a 

10 slight growth of Pt particles and the formation of platinum clusters as in the 
examples, then the catalytic activity observed after the catalysts are again 
subjected to heat treatment at 800°C for 5 hours in the air should exhibit the 
same catalytic activity as in the examples. Estimations regarding the 
behavior in Comparative Example 1 include (1) Pt which is supported in an 

15 atomic state does not migrate on the carrier even by high-temperature 
oxidizing heat treatment and maintains the atomic state, and (2) the high 
catalytic activity which appears after reduction is due to the effects other than 
particle growth. 

Examples 2 and 3 in which Pt/Pd and Pt/Rh are supported in alloyed 
20 form exhibit activity higher than the activity observed when Pt alone is 

supported owing to alloying. In contrast to this, the catalysts of Comparative 
Examples 2 and 3, which are conventional catalysts, exhibit almost the same 
results as Comparative Example 1 , because the precious metals exist in an 
atomic state even after heat treatment without forming alloy species. 
25 Reaction activity test 5 

In this test, for the catalysts of Example 1 , a difference in the condition 
of catalyst particles was verified between a catalyst calcined at 450°C and a 
catalyst heated at 800°C. In this test, first, the degree of dispersion by CO 
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adsorption amount measurement and reaction activity (conversion 
temperature) were measured for the catalyst of Example 1 immediately after 
production and the catalyst of Example 1 heated at 800°C. Next, the 
reaction activity observed when these catalysts were subjected to reducing 
5 treatment and calcining treatment was measured. The measurement of the 
CO adsorption amount was made in the same manner as described above. 
Three levels of temperatures of 200°C, 450°C and 800°C were set as 
reducing treatment temperatures, and the calcining temperature after the 
reducing treatment was set at 450°C. The results of the test are shown in 
10 Table 9. 
Table 9] 





Degree of 
adsorption 


C 3 H 6 50% conversion temperature (°C) 


Before 
reduction 


Reduction 
at 200°C 


Reduction 
at 450°C 


Reduction 
at 800°C 


Immediately 

after 
production 


0.41 


148 


147 


148 


147 


800°C 5 h 
Heating 


0.65 


212 


209 


198 


153 



Concerning the measurement of the degree of adsorption, seen from 
Table 9 is an increase in the degree of adsorption when the catalyst of 

15 Example 1 is heated at 800°C. In consideration of the essential significance 
of the degree of CO adsorption, this result shows that the degree of 
dispersion of the catalyst particles of the catalyst after heating increases. 
However, it is impossible from a common sense standpoint that catalyst 
particles of one catalyst which have been formed would split and disperse. 

20 Therefore, the reason why this result was obtained is thought as follows. 
That is, although in the measurement of the degree of adsorption it is 
necessary to perform hydrogen reduction at 200°C before the measurement, 
in the catalyst immediately after production, the morphology of the catalyst 
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particles changes from a flat shape to a spherical shape during the hydrogen 
reduction, whereas in the catalyst heated at 800°C, the oxidation of the 
catalyst particles proceeds under the formation of a complex oxide as shown 
in Fig. 1(d) and a change to a spherical shape does not occur by the 
5 reduction at 200°C, resulting in a high degree of dispersion. That is, it is 
thought that both the catalyst immediately after production and the catalyst 
heated at 800°C were in the same dispersion condition before the 
measurement of the degree of adsorption and had the same morphology of 
the catalyst particles. 

10 This can be estimated from the results of the activity test of Table 9, 

That is, in the catalyst immediately after production, a recovery of activity is 
observed by the reduction at 200 to 800°C. On the other hand, in the 
catalyst heated at 800°C a recovery of activity occurs by the reduction at 
800°C although a recovery of activity is not observed at reduction 

1 5 temperatures of not more than 450°C. This result is in agreement with the 
above-described discussion and shows that even in the case of a catalyst 
which is heated to 800°C and whose activity decreases, it is possible to 
regenerate this catalyst as a catalyst having the same activity as observed 
immediately after production by setting the reduction temperature at a high 

20 level. 

Next, an investigation was made into a difference in catalytic 
characteristics which depend on the properties of a carrier. Two catalysts 
different from Example 1 were produced and the characteristics of these 
catalysts were evaluated. 
25 Comparative Example 14 : The carrier (surface area: 67 m 2 /g) used in 

Example 1 was calcined in the air at 1200°C for 5 hours and the surface area 
was reduced to 2.6 m 2 /g. And a Pt/CZO catalyst was obtained by using this 
carrier in the same manner as in Example 1 . 
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Comparative Example 15 : By using CZO having a cerium concentration of 5 
mol% (surface area: 58 m 2 /g) in place of the carrier (cerium concentration: 40 
mol%) used in Example 1 , a Pt/CZO catalyst was obtained in the same 
manner as in Example 1 . 
5 And the above-described reaction activity test 3 and reaction activity 

test 4 were conducted on the catalysts of Comparative Examples 14 and 15. 
The results of the tests are shown in Tables 10 and 1 1 . 
Table 10] 





Production conditions 


C 3 H 6 50% conversion temperature 

(°C) 


Surface 
area 


Ce 

concentration 


Immediately 

after 
production 


800°C x 

5 hr 
Lean/rich 


1000°C x 

5hr 
Lean/rich 


Example 1 


67 m 2 /g 


40 mol% 


148 


152 


163 


Comparative 
Example 14 


2.6 m 2 /g 


40 mol% 


141 


243 


256 


Comparative 
Example 15 


58 m 2 /g 


5 mol% 


142 


198 


212 



10 [Table 11] 





Production 
conditions 


C 3 H 6 50% conversion temperature (°C) 


Before reducing 
treatment 


First 
reduction 
(2) 


Second reduction 
(4) 


Third reduction 
(5) 


Surface 
area 


Ce 
concent 
ration 


Immedi-at 
ely after 
production 


800°C 
(1) 


After 
calcination 
(3) 


After 
calcination 
(5) 


800°C 
(6) 


After 
calcination 
(8) 


800°C 
(9) 


Example 1 


67 m 2 /g 


40 mol% 


148 


212 


153 


154 


213 


150 


210 


Comparative 
Example 14 


2.6 m 2 /g 


40 mol% 


141 


253 


213 


225 


259 


228 


262 


Comparative 
Example 15 


58 m 2 /g 


5 mol% 


132 


223 


178 


176 


227 


181 


236 



From these results, it is apparent that although the activity immediately 
after production is almost the same as in Example 1 in the case where the 
surface area of the carrier is small and in the case where the cerium 
15 concentration of the carrier is low, the recovery behavior by reduction after a 
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decrease in activity by heating at 800°C is not observed. It is thought that 
this is because in the catalysts of these comparative examples, the catalytic 
metal which is supported cannot take a morphology as shown in Fig. 1(b) 
and the coarsening of catalyst particles occurs due to the heating at 800°C. 
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